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I.  INTRODUCTION 

AND GENERAL AIMS OF RESEARCH 

Various aspects of the interaction of vacuum ultraviolet (vuv) 

radiation with matter, either gaseous or solid or both, have been supported 

by ONR at this university since 1947. As a consequence of this continuing 

funding, even though modest in each annual amount, an active and expanding 

research group developed at USC, which comprises three tenured professorships 

(D. L. Judge, M. Ogawa, and G. L. Weissler) and a non-tenured assistant 

professorship to be filled in the near future with a theorist competent in 

this general area of atomic and molecular physics. 

While the activities of the three principals mentioned above are best 

described in term:, of their respective publication lists, which are on file 

with the Physics Division of ONR as part of various contract proposals and 

which can always be supplied upon request, never-the-less a brief statement 

describing their activities may be in order. U should of course be realized 

that due to close proximity and elaboration, there may be considerable 

overlapping. 

Dr.D. L. Judge, Assoc. Prof, of Physics, is conducting research in 

three different locations: in v.u.v. laboratories at USC, at the Synchrotron 

v.u.v. Radiation Facility of the Univ. of Wisconsin, Madison, Wisconsin, and 

with flight experiments in rockets, probing the earth's atmosphere, and in 

Jupiter-fly-by planetary probes. Pioneer 10 and 11, probing the neighborhood 

of that planet. As many as 5 or 6 post-doctoral fellows, and several graduate 

and undergraduate students assist Dr. Judge in these efforts. 

- 1 
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Dr. Masaru Ogawa, Prof, of Physics, is devoting his principal effort 

towards v.u.v. spectroscopy in his  laboratories at USC.    His research problems 

can be grouped logically into two areas:    first, the analysis of absorption 

spectra of simple molecules, i.e. Op. CO, COp. etc., and second, the accurate 

measurement of specific of absorption cross sections of both atomic and 

molecular gases.    His choice as to which gases are to be investigated is 

dictated by the need-to-know in planetary atmospheric physics and chemistry 

problems and by a general effort to supply new and improved atomic and 

loleculcT data.    Prof. M. Ogawa is assisted in this by his wife, adjunct 

professor of physics and 2 or 3 graduate students.    In addition. Dr.  M. Ogawa 

is actively involved with Dr. D. L. Judge in designing and performing v u.v. 

experiments on the interaction of radiation with gases, using the Synchrotron 

radiation at Madison, Wisconsin. 

Prof. G.  L.  Weissler has directed his major research efforts in recent 

years towards v.u.v.  and visible region spectroscopy of hot, gaseous plasmas, 

as produced in high-pressure (1 atm.), high-temperature (10,000 to 25,000oK), 

walI-stabilized high-current (100 or more amperes) arcs.    The general  type 

of experimental arrangement is shown in the accompanying figure.    There, two 

plasma arcs in tandem have their axes aligned with the optical axes of both 
o o 

a grazing indicence vacuum spectrograph (operating between 100 A and 3000 A) 

and a Seya-Namioka spectrograph (operating primarily in the visible region). 

The plasma properties of these arcs and their plasma constituents, either 

atoms or ions, can be studied by both instruments either in emission (using 

the well-known plasma equations pertaining to cases of local thermal equil- 

ibrium or LTE) or in absorption, in which case a spark light source external 

to the arcs shines light in the v.u.v. region through the arc(s), and the 

__ .„^-^___ 
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absorption cross section of atomic and ionic plasma constituents can be 

measured directly, since number densities can be obtained if LTE prevails. 

More details on the research efforts of both Drs. Ogawa and 

Weissler can be gleaned from their respective lists of papers, published 

under auspices of ONR (as indicated by an arrow: =>), which have been 

made part of this report in terms of Appendix A. 

In addition, a list of students who worked on ONR-supported research 

during the last 10 years is given in Appendix B. 

MM ~ - -      - . -- 
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II. SCIENTIFIC AND TECHNOLOGICAL SIGNIFICANCE 

OF RESEARCH 

It has been pointed out in earlier Extension Proposals that all the 

gases investigated here play a significant role in literally hundreds of 

significant atmospheric reactions. (See for instance: Adolf R. Hochstim, 

'Bibliography of Chemical Kinetics and Collision Processes"; IFI/Plenum, 

New York 1969.) It need not be further emphasized, how the research on 

absorption croi-s sections, on spectroscopic term analysis of vibrational 

and rotational structure, on the classification of many to date unknown 

absorption bands, series and progressions, of necessity will contribute in 

a most serious manner to our better understanding of many atmospheric 

processes, particula ly the role of either vibrationally or electronically 

excited species (or both) in certain collision processes with significant 

rate constants. 

The laboratory studies undertaken here, provide detailed information 

on electronic molecular energy levels, their identification, spacing, 

associated vibrational and rotational constants, and to a limited extent, 

educated guesses as to the relative transition probabilities from relative 

band strengths. All of this basic molecular physics information must be 

considered a prerequisite for the more complex studies of atmospheric 

collision processes. 

In addition, the arc plasma spectroscopy measurements of f-values of 

emission lines and of photoionization cross sections of atoms and atomic 

__-_._ HBMMMIMBMMaM^HMMMaiaaMaM 
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ions will contribute to our understanding of the various physical processes 

involved in rocket plumes, hot gaseous jore reactors, astrophysical plasmas 

and similar phenomena involving the interaction of radiation with hot 

gases. 
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III. APPENDIX A 

PUBLICATIONS AND TECH. REPORTS ON RESEARCH 

SPONSORED BY ONR CONTRACT, 1964-1974. 

! The following pages are excerpts from the Publication Lists of 

Prof. G. L. Weissler (pages 6 to 10) and Prof. Masaru Ogawa (pages 2 to 4), 

both at USC and working jointly. 

Research problems supported wholly or in part by ONR have been 

marked with a double arrow, thus: =5> . Presentations of research reports 

at APS-meetinqs, Annual Gaseou; Electronics Conferences, Annual Meetings of 

the APS Division of Electron and Atomic Physics, and similar national and 

regional conferences on the whole (but not always) have been excluded here. 

Suffice it to say here, that on the average say at l.-ast two such confer- 

ence contributions per year have been made. 

- 7 - 
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PUBLICATION LIST OF G. L. WEISSLER AND ASSOCIATES, continued. 

64.  "Absorption, lonlzation and Ion-Fragmentation Cross Sections in Hydrocarbon 
Vapors under Vacuum Ultraviolet Radiation,'' R. I. Schoen, J. Chem. Phy3. 
37, 2032 (1962). 

^  65.  ''Wavelength Analysis of Fluorescence from Gases Excited by Vacuum Ultraviolet 
Radiation," D. L. Judge, A. L. Morse, and G. L. Weissler; : Proc. VI 
Int'l. Conf. on lonization Phenomena In Gases," Paris, July 8-13. 1963; 
edited by P. Hubert and E. Cremieu-Aica-n; Vol III, p. 37-)" S E R M A'' 
Paeis, 1963.  (Published in 1954.) 

A. 66.  "Molecular Fragmentation and Excitation by Vacuum Ultraviolet Radiation," 
R. I. Schoen and G. L. Weissler, invited paper. Symposium on Uniraolecular 
Reactions in the Mass Spectrometer and Related Topics in Chemical Kinetics 
sponsored by the Division of Physical Chemistry of the Am. Chem. Soc., 
July 7-10, 1963, University of Utah, Salt Lake Cir.y. 

67.  "Optical Constants of Metals In the Vacuum UV Region,'• W. Steinmann, E. I. 
Fisher, and G. L. Weissler, USC-Tech. Report, dated January 15, 1964. 

 ^> 68.  "Vacuum Ultraviolet Radiation as a Probe of Pare Gas Plasmas,1' H. E. ],  ackvell 
G. S. Bajva, G. S. Shipp, and G. L. Weissler, J. Quant. Spectr. Radiative 
Transfer j4, 249 (1964); see also contributed paper to the Int'l. Sympo- 
sium on Plasma Phenomena and Measurement, Oct. 29-31, 1963, San Diegor 
I.E.E.E. Transactions on Nuclear Sciences, KS-11, 199 (1964). ■ 

r >69. Time-Delayed Fluorescence from Excited Ionic States of CO, CO2, O2, and 
l^O," D. L. Judge, A. L. Morse, S. Furmanski, and G. L. Weissler, Bull. 
Am. Phys. Soc. 9.. 183 (1964) (B3). 

70. "An Apparatus for Measuring the Reflection, Transmission, and Photoelectron 
• Yields of Thin Metallic Films in the Extreme UV,': Boyd MacNaughton, M.S. 
Thesis, USC 1964; also Tech. Report dated February 15, 1964. 

71. "^ar Ultraviolet Response of Silicon P-N Junction Photo-diodes,'" D. B. Medved, 
Electro-Optical Systems, Inc., M. F. Crevler, A. L. Morse, USC, Bull. 
Am. Phys. Soc. 9, 644 (1964) (01); see also USC Tech. Report No. ÜSC- 
Vac UV-101, June 15, 1965. 

V o 
;"> 72.  "Some Instrumentation Problems Below 1000 A,' G. L. Weissler, ICO Conf., 

Tokyo, Sept. 2-8, 1964; Japan J. Appl. Phys. 4^ (Supplement I). 436 ( (1965) 

 -,* 73.  "A Rapidly Operating Vacuum Spark Source forthe Vacuum Ultraviolet Region," 
/ (in French), C. Balloffet, J. Physique 25, 73A (1964), 

74. 'Absorption Cross Sections of Argon and Methane Between 600 and 170 A,; 

0. P. Rustgi, J. Opt. Soc. Am. 54, 464 (1964). 
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PUBLICATION LIST 0?  G.   L.   WEISSLER AiND ASSOCIATES,   contiaued. 

75      "Absorption Crosa Sectiona and f-Valuea of Krypton and Xenon in their loniza- 
tlon Continuum/* 0.  P.  Rustgl, E.  I.   Fisher,  and G.  H.   Fuller,  J.   Opt. 
Soc.  Am.   54.  745  (1964). 

-^•76.     "Transmittaace of Thin Metallic Films   (Tia Te.  Sb, Be, Al, Au.  and Ag)   in the 
Vacuum Ultraviolet Region Below 1000 A,:   0.  P.  Rustgi,  J.  Opt.   Soc.  Am. 

55,  630  (1965). 

77.    "OU-ical and Photoelectric Properties of Thin Metallic Films in the Vacuum 
Ultraviolet," 0.  P.  Rustgi and G.  L.  Weissler, J. Opt.   Soc.  Am.   55,  456 

•.19(5). 
i 

•^3 78.    "Mobilities of Oxygen and Nitrogen Ions," James A.   R.  Samson and G.  L. 
■"/ Weissler, Phys.  Rev.  137A,  381 (1965). 

-£±79.    "Optical Constants and Photoelectric Yields  in the Soft X-Ray feftoa»" G.  L. 
~~r Ueissler,   invited pap >  to the "tot'J.   Conf.   on the ^ysxcs or X-Rays, 

Cornell Univ., J«M 22-24,  1955; Bull.   Am. Phys.  Soc.   10,  1224  (1965). 

fidb 80.     "Fluorescence from N2
+* Excited by Vacuum ultraviolet Radiation, ' D.  L.  Judge 

/ and G.  L.  Weisslir, Bull.  Am. Phys.   Soc.   10^  739  (1965). 

r-N 81.    "Photo-Excitation. -Xonization, and Dissociative Photoionization of Some 
7 Simple Molecules," G. L.  Ueissler.   invited paper to the loth Annual 

Meeting of  the Health Physics Society,  Los Angeles, June 14-16,  19*9. 

82. "Optical Constants of Barium and Silver in the Vacuum U1f avi.f e^*-   *'   .. 
Fisher    I.   Fujita, and G.  L. l/eissler.  J.  Opt.  Soc.  Am.   56,  1560   (1966), 
see also Tech.  Report No.  USC-Vac UV-108.  dated 1 May 1966, by the same 

title. 

83. "Photoemission from Al Films in the Extreme Ultraviolet - A.  L. Morse and 
J.  E.   Rudisill,  Bull. Am. Phys.  Soc.   10,   1186   (1965)   (A). 

 ^ 84.     "Properties of a Plane Grating Predisperser Used with a Grazing Incidence 
^^ vacuum Spectrograph," H.  E.  Blackwell,  G.   I.  Shipp, M.  Ognwa,  and G.  L. 

Weissler, J.  Opt. Soc.  Am.  56, 665  (1966). 

.85 "Vacuum Ultraviolet Radiation from Plasmas Produced by a Laser on Metal 
—y    ' Surfaces,;i  A.  W.  Ehler and G. L. Weissler,  Appl.  Physics Letters  8,   89 

(1966). 

-^86      "Fluorescence Spectra of Molecular Ions Excited by Vacuum Ultraviolet Radla- -7^6.       Fluorescen^   J ^^ ^ ^ ^  ^^   ^.^ on ..^        ^      d 

X-Ray Spectroscopy of Laboratory and Astrophysical Plasmas,-   Culham Lao.. 

England, March 29 to April 1, 1966. 
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I'UBUCATIUN LIST Qf 0.   L.  WEISSLllR AND ASSOCIATES,   contl.u.Hl. 

c 
1-/87.     "Absorption, Photionization, and Scattering Cross Sect ons      J    A    ■    n 

and C    L    Weissler.  pa.es 142-178.  In ^thods of E^ ^l^^l ^JT? 

bv B    1 ^ iT'r   "' ElCCtr0n ^•^•-Atoole interactions;    cdltec 
oy B.   Bederson and U.  L.   Fite,  Acadendc Press,  Inc., Kcw York,  1068 

38.     "Light Sources and Detectors for Work in tre Vacuum Ultraviolet Region of 
the ^Pectrun,,"  G.  L. Weissler in "Aerospace Measuror.ent Tcchnloues ° 
ea.   o.   G.  Manella, pages 229-261    MASA 9P-n9    ir    e    ^ " ^ 
Office,  IJashingtoi:  1967. ^  "*  ^   Gover^ent Panting 

89.     •Tnennopiles    Thermistor Bolometers,  and Silicon p-n Junction Photodiodes M 
Vacuum UV Detectors," G.  L.  Ueissler and 11.  F.   Crevler.  Tech.   Report No 
VSC-Vac UV-102,   dated July 1,  1965  (Contract DA-ARO  (D)-31-124- 

tÄ90,     "The Efficiency of Concave Gratings inthe Extreme Ultraviolet,'   A.  L.  Horse 
/ and G.  L-   Weissler.  Sei.  Light   (Tokyo)  15,   22  (1966). 

=^?91.     "Fluorescence Spectra (and Cross Sections) of  the Excited Ion No+ Resulting 
from Vacuum Ultraviolet Photon Im.act on N2,

:   D.  L.  Judge and G.  L. 
Ueissler,  J.   Chem. Phys.   48, 4590  (1968). 

92. "Photoemission Processes in Au and Al in the Extreme UV,'   A.  L.  Korse    Bull 
Am.  Phys.   Soc.   13,  196  (1968). *       11* 

93. "Remeasurement of the Conversion Co stant.  A,- H.   A.  TirVpatrick    J    H    H 
DuKond, and E. R. Cohen in the Proceedings of the Ihird International' 
Conference on Atomic Hasses, ed. R. C. Barber, Univ. of ranitoba Press 
page 347,' Winnipeg,  1967. * 

=^94.     "A Vacuum Spark Light Source for  the Extrem Ultraviolet Pegion," N.  Uainfan 
/- and J.  E.   Rudisill, J.  Appl.  Opt.   8,  345  (1969). 

95.       Optical and Photoelectric Properties,  Including Polarization Effects of 
Gold and Aluminum in the Extreme Ultraviolet,'   A.  L.  Morse.   Tech.   Penort 
No.   USC-VacUV-109,  dated January 5, 1968. P 

^ 96.       Vacuum UV Emission and Absorption by Moderate Tenperature Arc Plasmas    and 
Temperature Measurements in a High Pressure Arc Plasma,'   K.  E.   Blackwell 
M.  Whitson,  and G.  L.  Ueissler,  Tech.   Report Mo.  USC-VacUV-UO    dated 
August 1,   1968. 

97.     "The Combination  of  an Ultrahigh Vacuum Seya Monochromator with an Uitrahigh 
Vacuum Reflector.eter  for Measurercnt of  the Optical Constants of Solids 
in  the Extreme UV, '  Haydcn H.   Bower.  M.S.   Thesis.  University of  South-rr 
California,   January,  1969. 
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•' PUBLICATION T.IST 0? G.   L.  MEISSLER A.ND ASSOCIATES,  continued. 

-.^h-^S.     "On tha Polaris tion Produced by a tlormal Incidence Vacuum T'onorhroTnator,' 

/' Lawrence R.  VJhalley, K.8.   Tliesls,  January  1970,  U.S.C 

99      "Observations of Plasma Resonance at 790 A in P-flectlon fro^ Thin Zr Films,1 

J.  E.   Rudislll,  A.  Hataui,  and C.  L. Uelssler,  Optics Conununications 2, 

39   (1970). 

z=£>100. 

ifcioi. 
/ 

T 102. 

103. 

10A, 

^> 105. 
s 

• On the Polarization Produced by the Same Grating in  the Seya and in  the 
Normal Incidence Houatiag,'" X.  Knowles, L.   R.  Wholley,  and 6. L. 
Weissler   (in preparation, April 1970). 

'HaMunMllt of the Photionization Cross Section in  the Resonance Continue 
' of Carbon-I Using a VJall-Stabillzed Arc,1' W.  Hofmann and G. L. Ueissler, 

USC Tech.   Report No.  USC-Vac UV-121,  issued April 1,  1970,  J.   Opt.   Soc. 

Am.  61,  223  (1971). 

temperature Ifeasurements of Argon Plasma Arcs Operated Between 100 and 760 
Torr,  and Preliminary f-value reasurements of Ly-0,  -Y, "J,    S.  Ogawa 
and G.  L. VIeissler. Tech.   Feport No.  USC-Vac UV-122,  April 15,  1970. 

•The Combination of an Ultrahigh Vacuum Seya Ponochromator vrlth an Ultrahigh 
Vacuum Reflectometer for reasurement of the Optical Constans of Solxds 
in the Extreme Ultraviolet,- Hayden R.  Eovrer, r.S. Thesis at USC, 

January 1969. 

' Observation of Plasma Resonance at 790 A in Reflectance from Thin Zirconium 
mrnsr J.  E.   Rudislll and G.  L. Ueissler,  to be submitted for publxca- 
tion in tht   J.   Am.  Opt.  Soc,  see also Tech.   Report do.  USC-Vac-UV-123 
by ^e sL  title,  dated September 1,  1970 and USC Ph.D.  Pissertatlon 

J.  E.   Rudislll,  August,   1970. 

"Absorption of 02,   C02,  and CS2.  Fluorescence of CS2;  and Photoionization of 
ADsorpcxonot    ^,i. /',     TTeissier    r. OtWft.  and 1).  L. Judge,  contrxbuted 

^fr%oa hr'ln^^tirafcoIlo.uiL « Simple and Multiple Electron 
K^sltions  in tha X-Ray and Far-yitraviolet ^1°-,'   Paris   Jept    21 
to 25, 1970. JTWMZ it PkySiCj^e.^ S^^-t^) VH.JZjgAT^i*/ 

/ 
105. 

107, 

..4*.v Moil-<;hoV>-fl-{ zed Arcs'   Absorption Series  of CO 
''"^^e^o^i^iStlofn^cSc^l"    -issl^, V.  Ogawa.   and 

* X.  Judge,   contributed p.per to the ' 3rd Xnt'l ConE.   on vacuum UV 
L.Ution Physics,-  Aug.   30 to Sept.   2,  1971, Tokyo, Japan,   to be 

pabliuhed. 

"Conference Summary Talk, given at the conclusion of the 3rd Int'l. Cont. 
on VacutM UV Radiation Physi'S," by G. L. U«i>«lcr. Science Of Light. 
Tokyo   (Japan),   Vol.   20,   p.   95   (Pec.   1970- 
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PUBLICATION  LIST OF C.   L.   WEISSLEI   AND ASSOCIATES,   continued. 

' 

.-N^IOS.  "Methods of ü^asureaant of Photoionization Processes Tncluding Arc Plasaa 
Spactroscopy," G. L. VJeiasler, paper presented „t U.S. -Japan Seminar, 
Aug. 24, 1971, in Tokyo (Japan); Science of LlgbC, Tokyo 21, 89 (June 1972); 
also in Japanese in the J. Spectroscop. Soc. Japan 2i.> 150 (1972). 

^  109.  "A Uali-Stabilized Arc as a Standard Light Source Below IIOOX, G.L. VJeissler 
and Santosh K. Srivastava; contributed pap^r to the Twenty-Fourth Annual 
Gaseous Electronics Conference and Third Arc Symposium« Oct. 5-8, 1971; 
L'niv. of Florida, Gainesville, abstract published in Bull. An. Pays. Soc. 17, 
383 (1972) (B-l). 

11^, 110.  "The Question of Local Thermodynamic Equilibrium of Argon in a Helium Plasma 
and the Measurement, of the Photoionization Cross Section of Argon, M.S. 
Thesis by Scott C. Daubin, Jr., Univ. of Southern Calif., January 1972. 

111. "U.S.-Japan Seminar on Current Problems in Spectroscopy," Tokyo, 24-27 Aug. 1971; 
reviewed by G. L. Ueissler, Appl. Opt. 11, 962 (1972). 

112. "Third Ir «.trnational Conference on Vacuum UV Radiation Physics," Tokyo, 
Aug. 30-Sepc. 2, 1971; reviewed by G. L. VJeissler, Appl. Opt. 11. 
2395 (1972). 

"A VJall-Stabilized Double Arc as a Standard Intensity Source in the Vac. UV," 
G.L. VJeissler and Santosh K. Srivastava, pp. 772-785 in SPACE OPTICS, 
Proceed's IX. Int'l. Congress of ICO, B.J. Thompson and Pv.R. Shannon, ed's; 
Nat'l. Acad. Sei., V'ashington, D.C., 1974. 

? 

9 114.  "f-Values of Nine Aril Lines in the Vac. UV," Santosh K. Srivastava and C. L. VJeissler, paper presented at the "25th Annual Gaseous ETectronics 
Conference" at the Univ. of VJestcrn Ontario, London, Ontario, Oct. 17-20, 
1972; paper JA 5.  Bull. Am. Phys. Soc. 18^ 794 (JA5) (May 1973). 

"Lowering of the lonization Potential of an Atom in a High-Temperature and 
High-Density Plasma," S. K. Srivtstava and G. L. Weissiler, internal Tech. 
Report No.:  USC-Vac UV-131, dated Dec. 1, 1972; and USC-Vac. UV-U2, 
dated Sept. 1, 1973. 

^116.  "Vacuum UV Plasma Spectroscopy on a Double Arc, v/ith Measurements on Line 
r Strengths and Shapes, and on the Lowering of lonization Potentials," 

Santosh K. Srivastava, Dissertation:  August 19/3; Univ. of Southern 
California, Los Angeles, CA 90007. 

117.  "The Lowering of the Hydrogen lonization Potential in an Argon Arc Plasma," 
S. K. Srivastava and G. L. VJeissler, Bull. Am. Phyn. Soc. 19, }Cu 
(Pi5-1) (Feb. 1974). 

--~V>11'''- "The Lowering of the Spectra] Series Limit of Hydrogen .-ind Carbon,** 
/        Santo-'- Srivastava and G. L. Weissler, IECE Transactions on Plasma 

Science, vol. P8-1. 11   (Dec. 19/3). 
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PUBLICATION I-1ST OF HASARU OGA'.IA AND ASSOCIATES, continued. 

19. 

20. 

15. "New Smlsslon Bands o£ N?j In tha Vacuum Ultraviolet Roglon", (I*), 
M, OgawaandY. Tanaka, J. Chetn, Phys. 30,  1354(1959). 

16. "New Emission Bands ot Forbidden Systems o; Nitrogen in i:he 
Vacuum Ultraviolet Region", M. Ogawa and Y. Tanaka, 
J. Chem. Phys, 3_\, 754(1960). 

17. "Emission Spectrum of S^ In khs Vacuum Ultraviolet Region", 
Y. Tanaka and M. Ogawa, J.  Chem. Phys. 36,  726 (1962). 

2 
13.      "Rydberg Absorption Serien of COz Converging to tha   liv Stato of 

CcJ",  Y. Tanaka and M. Ogawa, Can. J. Phys. 40> 879 (1962). 

"Rydberg Absorption Saries of M2",   iVI.  Ogawa and Y, Tanaka, 
Can.  J.  Phys. 40  1593 (1962). 

4 3 
"The fa    E   •" X    X f Rydberg Series of tha Oxygon Molecule", 

T.  Namioka, %A,  Ogawa,  and Y. Tanaka,   Lnternacional 
Symposium on Molecular Structure and Spactroscopy, Tokyo, 
September 10 to 15,  1962. 

"Forbidden Absorption i3ands of N, in the Vacuum Ultraviolet 
Regior",   Y.  Tanaka,   M,  Ogav/a,  and A. S.  Jursa,  J. Chem, 
Phys.  40,   3690 (1964). 

"Vacuum Ultraviolet Light Sources",   M.  Ogawa,   J.  Spectrosc, 
Soc.  Japan n_,   199(1963). 

"Isotope Shift of the absorption Bands of N2 in the Vacuum Ultra- 
violet Region",  M.  Ogawa,  Y. Tanaka, and A. S.  Jursa, 
Can.  J.  Phys. 42,   1716 (1964). 

"Absorption Spectrum of Electrically Excited Nitrogen J Molecules 
in the Vacuum UV Region",   M.  Ogawa,   Y.  Tanaka,  «ad 
A. S. Jursa,  J.  Chem. Phys.  41^,  3351 (1964). 

21. 

22. 

23. 

24. 

9 "•. 
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27, 

"Vibrational Isotope Shifts of Absorption Bands of N^ in the 
Spectral Rcglr.i 720° to 830°",   M.  Ogawa,   Can.  J.   Phys. 
4Z,,   10S7 {1964). 

"The Absorption of Hydrogen Lyman Gamma Radiation by Molecular 
Nitrogen",   M.   Ogav/a and R.   B.  Cairns,   Planet. Space Sei. 
12, 656 (1964). 

"Photoionisation of N2 In ths 734-805^ Region", G. R. Cook and 
M.   Ogav/a,   Can.   J. Phys.  43,   256 (1965). 
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PUBLICATION LIST OF MASERU OGAWA AND ASSOCIATES, continued, 

■-'-> 43  "Absorption Coefficients of 09  at the L^-nan-a Line and Other 02 Transmission 
Window," (L), M. Ogav« and £  K. R. Yair.as^ki,Applied Optics, 9, 1709 (19/0) 

"Absorption Spectrutn of CS2 in the Region from 600 to 1015A," M. Ogawa and 
H. C. Chang, Can. J. Phys. 48, 2455 (1970). 

"Absorption Coefficients of O2 in the Metastable State, B A ", (L), 
H. Ogawa, J. Chem. Phys. 53, pg. 3754 (1970). 

"Absorption Cross Sections of 02 and C0? Continua in the Schu.nann and Far 
UV Regions," M. Ogawa, J. Chem. Phys. 54, 2550 (1971). 

"Absorption Spectrum of CO in the Helium Continuum Region, 500-1020*, 
M. Ogawa and S. Ogawa, J. Molec. Spec. 41, 393 (1972). 

"Rotational Analysis of a High-Resolution Absorption Band of O2 at 1151Ä," 
(L) H. C. Chang and N. Ogawa, J. Molec. Spec. 44, 405 (1972). 

"Photoabsorption Cross Section of Argon in the 180-700Ä Wavelength Region," 
(L) R. 11. Carlson, D. L. Judge, H. Ogawa and L. C. Lea. Applied Optics 12, 
409 (1973). 

"Photodissociation Continua of N2 and O?," G. R. Cook, H. Qgawa and 
R. W. Carlson, J. Geophys. Res. 78, 1653 (1973). 

"FluortSCtnct of Atomic Nitrogen Produced in the Photoabsorption of Extreme 
Ultraviolet Radiation by N ." L. C. Lee, R. U. Carlson, D. L. Judge and 
M. Ogawa. Chem. Phys. Letter, 19, 183 (1973). 
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49 

50, 

51 

52, 

53. 
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=^55 

^56 

Ogawa, 
"The Absorption Cross Sections of Mo, O2, CO, NO, COo, AgO, CH4, CJH*. C2H5 

and CAHinfrom 180-700,1," L. C. Lee, R. W. Carlson, D. L. Judge *:& M. Ogaw 
J. Quanl;. Spect. Rad; Trans.  U, 1023 (19^3). 

"Photoionization Excitation of the C02
+ (B2Ey+-x2Trq) 2290A Band," 

R.VI. Carlson, D.L. Judge, and M. Ogawa, J. GeopnyS. Res. 78, 3194 U9/3j. 

"Observation of Autoionization Process in the Production of Excited C02 lons,"^) 
R.VL Carlson, D.L. Judge, and M. Ogawa, J.  Phys. B.  6,  343 (1973). 

"Absorption Spectrum,of C0?in  the llopfield Helium Continuum Region. Rydberg 
C.ind5 Converging to the X^;+ State of C0+ in the Region, 950-1080,\. 
S.  Ogawa and M.  Ogawa, J,  Molec.  Spec. ./y_, 454 (1974). 

"Rotritional Analysis of the Hopficld Emission System of O^.", M.S. Ogn/a and 
M.  Ogawa, J.  Molec.  Spec,   (accepted). 
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IV. APPENDIX B 

STUDENTS, POST-DOCTORAL FELLOWS, AND VISITING PROFESSORS 

SUPPORTED BY ONR 

G S. Bloom, undergrad. and later grad. student; 65-67. 

R. S. Barak, undergrad. student; 65. 

H. E. Blackwell, grad. stud. 64-68, M.S. and Ph.D. at USC, now Prof, of Physics 
at Texas Southern Univ., Houston. 

H. C. Chang, grad. stud. 66-71, Ph.D. at USC, now in inaustry in the Los Angeles 
Metropolitan Area, 

Scott Daubin, Jr., undergrad. and grad. stud. 70-71, M.S. at USC, now Ph.D.- 
candidate in Physical Oceanography at the Lamont Geophysical Lab. of 
Columbia Univ. 

S. Furmanski, undergrad. 64-65. now Stanford Ph.D. 

D. L. Judge, grad stud, and post-doctoral 64-68, M.S. and Ph.D. at USC, now 
Assoc. Prof, of Physics at USC. 

T. R. Knowles, undergrad. at USC 69, now Ph.D. candidate at U.C. San Diego. 

Atsuo Matsui, Post-doctoral 69-70, now Assoc Prof, of Physics at Konan Univ., 
Kobe, Japan. 

A. L. Morse, grad. stud. 62-66, M.S. and Ph.D. at USC, now Consultant in 
L.A. Metropolitan Area. 

J. R. hyde, grad stud. 56. 

C. W. Patterson, undergrad. stud. 67-68, M.S. and Ph.D. at USC in Theoretical 
Physics (not G.L.W. or M.O.) 1974. 

E. Rudisill, grad. stud., 68-70, M.S. and Ph.D. at USC, now at Hughes Res. 
Lab., Malibu. 

S.  K.  Srivastava, grad.  stud.  70-72, M.S.  and Ph.D.  at USC, now at Jet Prop. 
Lab., Pasadena. 

M. Whitson, grad.  stud., 67-69, M.S.  at USC, 

W.  Hofmann, post-doctoral, 69-70, now in Munich. 

R. A.  Vangor, undergrad.  stud., 68. 
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Students, Post-Doctoral  Fellows, and Visiting Professors supported by ONR (cont'd.) 

R.  K. Yamawaki, grad. stud., 68-71, M.5.  and Ph.D. at USC, now employed in 
L.A. Metropolitan Area. 

N.  Wainfan, visicing professor 68-69 (former stud, of G.L.W.), now Prof, of 
Physics, Brooklyn Polytech. 

C.  R. Whalley, undergrad. and grad.  stud., 69-70, now Ph.D.-candidate at 
University of Illinois. 

H.-H.  Carls, post-doctoral, Nato-Fellowship 73-74, from University of Kiel, 
Germany. 
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